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ABSTRACT

The water resource challenges in the Deschutes Basin of central Oregon are
enormous. The human population here is growing faster here than anywhere else in
Oregon in a basin with almost 50 percent federal land. It is home to a primarily service
economy and renowned outdoor recreational opportunities. Surface water resources are
fully allocated and municipalities are looking to limited groundwater supplies to fulfill
increased demands. Agriculture accounts for 95 percent ofthe water use where up to 50
percent of the water delivered is lost to leakage in the open, unlined delivery canals. Not
only have the resources ofthe Basin been used to the limit by the human population, but
there are tribal, federal and environmental interests committed to augmenting current
levels streamflows to benefit water quality and fisheries in the Basin.
Four strategies to manage the water resources are presented: A) requiring mitigation for
new groundwater pumping permits; B) reallocation of water rights by creating a market for sale
and leases of water rights and mitigation credits; C) municipal and agricultural water
conservation projects; and D) a regional commitment to use collaborative processes to derive
new solutions. The first three strategies can create measurable differences in the way water
resources are used. The requirement of mitigating new groundwater pumping by implementing
some form of surface water conservation project will drive reallocation of water rights and
mitigation credits and conservation projects into fruition. The fourth strategy of collaborative
stakeholder processes provides the underpinning for the first three strategies to succeed and the
source of future strategies, which in the end result in fewer court ordered solutions to the
resource issues in this Basin. While no outcome is guaranteed, there is no doubt that innovative
water resource management strategies are here to stay in this Basin.
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I. INTRODUCTION

The Deschutes Basin presents a unique setting in which to evaluate the
effectiveness of new approaches to water resources management. It is a microcosm of
the best and the worst of elements that challenge and inspire water resource managers.
The Basin is blessed with abundant sources of surface water and groundwater fed by
snowmelt from numerous nearby mountain peaks. The aquifers are made up of layers of
volcanic materials that allow snowmelt to infiltrate easily and flow readily to feed the
rivers cutting through the landscape.
Although there are abundant water resources here, they are finite and almost fully
appropriated. Over 95 percent of the water resources in the Basin are used for longtime
agricultural purposes. The region encompasses the fastest growing human population in
Oregon drawn by its natural splendor and a setting several hours of driving away from
Oregon's major urban areas. Residents are fiercely protective ofthe lifestyle this region
affords them, whether that is hobby farmer, rancher, outdoor enthusiast or big city
refugee.
Oregon is home to numerous longtime, renowned environmental non profits
whose mission is solely the protection and restoration ofrivers, riparian habitat and/or
historic fisheries in the state and beyond. Their work has set the stage for the many
locally focused conservation-oriented nonprofits in the Basin. State and local agencies
here are often required to involve the citizenry in questions of land use and natural
resource management by way of Oregon's unique state-wide land use planning system.
State and federal agencies are generally supportive of collaborative stakeholder processes
to address natural resource issues with staffing and/or funding for technical studies.
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Oregonians pride themselves on their ability to do things differently than other
regions of the country. Oregon is one of the few states without a state sales tax. Their
land use planning laws were adopted by a ballot initiative over 25 years ago. In the mid1990s Oregon secured a federal exemption to for Medicaid delivery allowing the state to
prioritize delivery of healthcare services. In 1998 the state adopted the Oregon Plan for
Salmon and Watersheds, funded by lottery dollars, to restore watersheds and minimize
listings under the Endangered Species Act.
Residents of the Deschutes Basin are actively engaged in addressing water
resource issues by utilizing unique approaches. Examples include getting congressional
approval in 1996 for a $1 million per year fund for five years to improve the quality and
quantity of water in the Deschutes Basin, which was reauthorized in 2002 at $2 million
per year for the next five years. At the state level, interests from Basin successfully
passed a bill in 2001 authorizing the formation of water banks specifically in the
Deschutes Basin. At the local level, in 2002, hobby farmers in the Deschutes Basin
derailed a half a million-dollar investment by a municipality to buy water from an
irrigation district in return for fixing leaking canals serving the district. Needless to say,
there will not be a direct path to water resource management solutions here; however we
can count on commitment and creativity strategies to be presented on many fronts, now
and in the future.
GENERAL SETTING: Oregon's extensive array of rivers and streams, almost
112,000 miles of rivers and streams and over 6,000 lakes and reservoirs, has long created
a sense of deep pride in the state (Oregon Association of Conservation Districts, 2002).
As early as 1955 state legislators recognized the value of preserving the flows in rivers
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and passed statutes requiring minimum flow levels on selected reaches of rivers (Bates,
1993). Today, the surface waters in most of Oregon's basins are fully appropriated and
the limits of groundwater resources have been reached in six groundwater basins. The
twin pressures of population growth and the significant decline of once renowned
fisheries bring the spotlight to bear on water resources management approaches in this
state.
SPECIFIC SETTING: The Deschutes River Basin of central Oregon is known

for its abundant natural splendor. Its landscape of forests, mountains, rivers, lakes, high
desert plateaus and typically sunny days make much of the Basin a popular destination
for recreation, vacation and in-migration. Local residents and visitors are fiercely
protective of present quality of life available here. Many residents feel that they have a
personal connection to the natural setting of the Basin and therefore have a stake in the
environmental health of the ecosystem. Tourism and recreational activities play an everincreasing role in the region's economy. For the most part, local businesses, profiting
from the municipal growth and tourism, appreciate the connection between protecting
and improving the environmental health of the Basin and the local economy. However,
because the region is attracting so much new growth, this puts pressure on its limited
water supplies.
WHAT THIS PROJECT IS ABOUT: This professional project specifically

examines what strategies stakeholders and agencies in central Oregon are currently
implementing to address water supply issues in the Deschutes Basin. It is critical for this
region to create workable solutions for two reasons. First, the region encompasses the
county with the fastest growing population in the state and needs additional supplies of
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municipal water. Secondly, because the surface waters in the Basin are fully
appropriated and hydraulically connected to the groundwater, scientific and legal
consensus is necessary to create a system that ensures that groundwater pumping does not
adversely impact the legally protected instream and scenic flows in the Deschutes River.

II. PHYSICAL AND HUMAN LANDSCAPES
A. PHYSICAL LANDSCAPE
The Deschutes River Basin is a major sub-basin of the Columbia River and lies
east of the Cascade Range (See Figure 1). It is the second largest watershed in Oregon
and drains over 10,700 square miles. It is comprised of land located primarily in five
counties: Crook, Deschutes, Hood, Jefferson, Sherman, and Wasco Counties, as well as
The Confederated Tribes of the Warms Springs Reservation (Tribe)
Forests, juniper and sage rangelands, rugged outcrops, volcanic plateaus and
peaks, and deep river canyons characterize the Basin. Coniferous forests cover almost
half the Basin; rangelands cover about 15%; and agricultural and urban areas account for
8% ofthe land use (See Figure 2A and 2B). The Basin is home to numerous federal and
state designated wilderness areas and hundreds of miles of Wild, Scenic and Recreational
River stretches. In most cases the state's Scenic Waterway designations overlap the
federal Wild and Scenic River designations.
There are three primary rivers in the Basin: the Deschutes, Metolius, and Crooked
Rivers (See Figure 1). The Deschutes River is the mainstem river of the Basin beginning
upstream in the southernmost comer of the watershed till it meets the Columbia River at
its northernmost point. The Deschutes Basin drains the eastern slope of the Cascade
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Mountains via the Deschutes and Metolius Rivers and the western slope of the
Ochoco Mountains via the Crooked River. Lake Billy Chinook impounds the three rivers
and is the largest recreational lake in Oregon. The Round Butte Project impounds Lake
Billy Chinook and is the upstream component of the hydroelectric Pelton/Round Butte
Project. The Pelton and Round Butte developments store and release water in order to
generate electricity for use during periods of peak demands. Downstream, the Pelton ReRegulating dam is used to store and redistribute the flows to provide near constant flows
in the Lower Deschutes River downstream of the dam.
The U.S. Bureau of Reclamation (BOR) operates five major storage reservoirs in
the Basin: Crescent Lake, Wickiup, and Crane Prairie Reservoirs off the Deschutes in the
Upper Deschutes Basin, and Prineville and Ochoco Reservoirs off the Crooked River in
the Middle Deschutes Basin (U.S. Bureau of Reclamation, 2003).
GEOLOGY & HYDROLOGY: The geology of the Basin is very complex due
to several periods of volcanism, considerable faulting and erosion processes. The lava
plateau between the Deschutes and Crooked Rivers sits at an elevation of about 2300 feet
in the north and slopes upward to 4000 feet near the City of Bend. Mountain peaks range
from more than 10,000 feet above mean sea level in the Sisters area to about 6,900 feet in
the Crooked River headwaters (Moore et aI., 1995).'
The underlying geology in the irrigated valleys is made up of (in order of age)
sedimentary deposits, the Deschutes formation consisting of a variety of deposited
materials making it the principal aquifer unit in the Basin, the Prineville basalt layer made
of highly fractured basalt in layers up to 700 feet thick with permeable interflow zones,
with the low-permeability John Day Formation underlying the Prineville basalt layer and as
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much as 4000 feet thick (Gannett et al., 2001). These layers create what is known to local
geologists as the 'bathtub' effect where the Basin's groundwater is discharged to the
Deschutes River through the permeable layers and effectively held in the permeable layers
by the John Day formation until the groundwater is able to discharge in a river cutting
through the permeable layers (Newton, personal communication, 2003) (See Figure 3A).
Central Oregon, east of the Cascade Range, is known as 'high desert country' for it does
not receive the heavy rainfall typical of western Oregon. In the Cascade Range itself,
precipitation often exceeds 200 inches per year, mostly as snow (Gannett et al., 2001).
However, precipitation rates decline to fewer than ten inches/year for much of the lower
elevation areas in the Basin to the east of the Cascade Range (Gannett et ai., 2001). The
City of Bend, at an elevation of 3450 feet receives an annual average of 12.5 inches of
precipitation with summer temperatures often exceeding 90 degrees Fahrenheit (Moore et
al., 1995).
Evaporation from the BOR reservoirs is considered negligible (Gannett et al.,
2001). "The percentage of irrigation water lost to evaporation, wind drift and runoff is
highly variable and dependent on individual water-management practices and soil and
climatic conditions. A maximum of 20 percent was assumed to be lost to these sources
throughout the study area [upstream of the Pelton Dam)" (Gannett et al., 2001).
Evapotranspiration losses on non-irrigated lands in the Basin occur outside the groundwater
budget are typically not an issue in Basin's water resource management discussions.
The region's underlying volcanic geology makes groundwater flows in the area
extremely dynamic. In 2001, the U.S. Geological Survey (USGS) in cooperation with the
Oregon Water Resources Department (WRD), the cities of Bend and Redmond, the
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counties of Deschutes and Jefferson, the Tribe and the

u.s. Environmental Protection

Agency finalized studies of groundwater hydrology in the Basin begun in 1993 which led
the WRD to concI ude that groundwater withdrawals upstream of the Pelton Dam on the
Deschutes River have the potential to interfere with in stream and scenic water flows
downstream of the Pelton Dam (Gannett et aI., 2001).
The Deschutes Basin is divided into three sub-basins for water resource
management purposes by agencies and stakeholders where the boundaries that define the
sub-basins are predicated on where significant changes in flows to the Deschutes River
are experienced due to agricultural diversions and dams (See Figure 3B). The Upper
Deschutes Sub-basin (Upper Deschutes) covers the watershed areas upstream of Bend;
the Middle Deschutes Sub-basin (Middle Deschutes) covers the areas downstream of
Bend and upstream of the Pelton Dam; and the Lower Deschutes Sub-basin (Lower
Deschutes) covers the watershed areas downstream of the Pelton Dam to the confluence
of the Deschutes with the Columbia River. Each sub-basin represents a distinct
geographic and hydrologic area: the Upper basin is home to the reservoirs that capture the
flows before they reach the Deschutes River; the Middle Basin because it is here that the
dewatering effects of summer irrigation withdrawals occur and reservoirs capture flows
before they can reach the Crooked River; the Lower Basin because this reach of the River
is designated as an Oregon Scenic Waterway, which means that the flow levels in this
sub-basin are legally protected.
Nearly all of the water in the Basin originates from melted snow. The Metolius
River is primarily spring-fed and so has a relatively constant flow of 1300 to 1600 cubic
feet per second (cfs) throughout the year with minimum daily flows of 1,100 cfs (Moore
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et aI., 1995). The Crooked River's hydrology is dominated by winter snowfall and spring
runoff (Moore et aI., 1995). The Deschutes River's hydrology is a combination of a
significant spring-fed base flow augmented by spring runoff from melting snow (Moore
eta1.,1995).
The combination of reservoirs and agricultural diversions has dramatically
changed streamflows on the Deschutes and Crooked Rivers (See Figures 4 to 6).
Downstream of Bend on the Middle Deschutes and downstream of the Bowman Dam on
the Crooked, the effect has been to reduce winter flows and create very low summer
flows. The Middle Deschutes has average daily flows of750 cfs during February and
March. In the early 1990s, flows routinely dropped to a minimum daily flow of 10 cfs
during the months of July and August (Moore et aI., 1995). Tumalo Creek, a major cold
water tributary on the Middle Deschutes, and Squaw Creek (whose name is being
changed to Latiwi), were frequently completely dewatered during the summer due to
irrigation withdrawals in this period (Moore et al., 1995). The Crooked River with peak
average daily flows of 800 cfs in April has flows decreasing during the summer to 200250 cfs with minimum daily flow historically as low as 1 cfs (Moore et aI., 1995).
Streamflow restoration projects are currently underway on the Tumalo Creek,
Squaw Creek, the Middle Deschutes River and the Crooked River by way of joint efforts
between irrigation districts, state agencies and non-profit groups to conserve agricultural
waters, and lease or purchase water rights for instream flow use. By way of such efforts
over the last ten years, there is an additional 20 cfs of instream flow in Tumalo Creek and
5.1 cfs in Squaw Creek (Deschutes Resources Conservancy, 2003).
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Deschutes River Be/ow Bend
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Crooked River Near Prineville
Daily Flows by Month, 1960-1990
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Metolius River Near Grandview
Daily Flows by Month,1960·1990
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FISHERIES & WILDLIFE: The Lower Deschutes is accessible to anadromous fish and

provides habitat for spring chinook, fall chinook, summer steelhead, the bull trout (listed
as a threatened species under the Endangered Species Act in 1998), and to one of the few
remaining wild spring chinook populations in the Columbia Basin (U.S. Fish and
Wildlife Service, 1999). The completion of the two hydropower dams in the
Pelton/Round Butte Project in 1964 eliminated anadromous fisheries from the Middle
and Upper Deschutes Basin streams. Anadromous streams flowing into the Lower
Deschutes from the Cascade Range are located on the Confederated Tribes of the Warm
Springs Reservation and are under Tribal jurisdiction. Trout Creek and Buck Hollow
Creek flow into the Lower Deschutes from the east and provide critical habitat to summer
steelhead (Oregon Water Trust, 2003).
The Upper and Middle Basins continue to provide important habitat for isolated
populations of redband trout (Oregon Water Trust, 2003). Bull trout were eliminated
from the Upper Deschutes Basin during the 1950s. However, in 2002 the U.S. Fish and
Wildlife Service (FWS) released a proposal to designate the Upper Deschutes Basin as
critical habitat areas for the bull trout to create a potential recovery area for the threatened
species (Volkman, 2002).
The Basin also provides habitat for a large number of wildlife species including
bald eagle and mule deer. The canyons of the Lower Basin are home to five species with
threatened or endangered status (Moore et aI., 1995).
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B. HUMAN LANDSCAPE
LAND OWNERSHIP: Almost 50% of the land is owned by the federal
government and managed primarily by the U.S. Forest Service (31 %) and the Bureau of
Land Management (18%) (Moore et al., 1995). Tribal land covers almost 7% of the
Basin (Moore et al., 1995). The reservation is almost completely contained within the
Basin with its eastern boundary established by the Deschutes River for over 40 miles.
The remaining lands are held in private ownership (U.S. Department of Agriculture,
2001) (See Figure 2B).
POPULATION: Growth in the Deschutes Basin has been rapid over the last
decade. Deschutes County has been Oregon's fastest growing county in this period, with
a population increase of 54%. Much of this occurred in the City of Bend, the largest
population center in the Basin, where the 2000 census recorded a population of 52,000, a
figure that includes the city's annexation of nearly 14,000 people in 1999 (Rosetta, 2002).
However, it is important to note that the census figure does not reflect the significant
year-round vacationing population that stays in condominiums, second homes, and
recreational developments. Neighboring Crook and Jefferson Counties grew by 39% and
36% respectively during the same period. Projected popUlation growth rates post- 1990
are found in Table 1.
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Table 1: BASIN POPULATION
2000 Census

County
(Major City: 2000 Census)

(U.S. Census Bureau)

Projected growth Rate
1990-2010
(Moore et aI., 1995)

Crook County
(Prineville: 7,356)
Deschutes County
(Bend: 52, 029)
(Redmond 13,481)
Jefferson County
(Madras: 5,078)
Wasco County
Sherman County
Total

19,182

42%

115,367

99%

19,009

76%

23,971
1,934
179,463

URBAN GROWTH: Traditional and relatively low intensity land uses like
ranching, farming and forestry adjacent to the population centers are being displaced by
housing and commercial development associated with population growth. The USDA
Natural Resources Conservation Service estimates that 30,000 acres have been converted
to urban lands in the Deschutes Basin since 1982 (U .S. Department of Agriculture, 2001)
(See Appendix 2). The Basin is also attracting businesses. The Oregon State
Employment Department lists Deschutes County as the fastest growing high-tech county
in Oregon from 1990 -1998 (Rosetta, 2002). Today 10% of the County's manufacturing
firms are considered high tech, compared to 3% statewide. Housing prices in Deschutes
County have far outpaced wage growth. Between 1998 and 200 I, the median price of a
home in Deschutes County rose 34% to $167,900 while the median annual income rose
9.7% to $44,200 (Rosetta, 2002).
ECONOMIC FACTORS: The economy of the Basin is dominated by the
service sectors and passive income. The main economic engine in Deschutes County is
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population growth. The service and trade industries are projected to increase by an
average of 85% (Moore et aI., 1995). Much of the service sector is dependent on tourism
and recreation, which are in tum dependent on the region's natural resources and
amenities.
In terms of earnings by sector, the top economic sectors in 1991 were services
(14%), trade (12%), government (10%), lumber and wood products (9%), and
construction (5%). Agriculture, forestry and fisheries represent approximately 4% of the
earnings (Moore et aI., 1995). Rent, interest, dividends and Social Security combined
accounted for the largest source of income in the Basin (38%) in this period (Moore et aI.,
1995).
Wasco and Jefferson Counties boast larger agriculture-related employment than
the other counties in the Basin. Jefferson is a major producer of mint, hay, cattle, grains
and potatoes. Orchards and wheat production predominate in Wasco and grazing is still a
dominant land use in most parts of central Oregon (Moore et aI., 1995).
WATER USE: The agricultural and industrial water users in the Basin are

responsible for 95% of the water use in the Basin (Lerten, 2002a). Surface water is
primarily captured for agricultural use and some municipal use. The agricultural
community diverts approximately 600,000 acre feet from the Deschutes River per year
using a series of open flow canals and pipelines for delivery (Moore et aI., 1995). The
irrigation season is typically April to October. Groundwater from the region's underlying
aquifer provides additional supplies of water for agricultural and municipal uses.
Unlined canals in the Basin lose about 300,000 acre-feet of water annually
through leakage, and efforts are underway to line the canals to reduce this loss (Moore et
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al., 1995). Most of the water lost from canals percolates to the groundwater system,
recharging aquifers and raising water levels. Many residents have come to depend on
this source of water to supply their wells, and lining canals will likely cause shallow
wells to be affected (David J.Newton Associates, Inc., 2000.)
Water for municipal use is supplied by a combination of surface and groundwater
sources and totals only five percent of the total water use in the Basin (Lerten, 2002a).
Until 1972 the city of Bend relied totally on surface water from the Deschutes River and
Tumalo Creek. Today the city has surface water rights to 41.5 acre-feet per day from the
Bridge Creek watershed. Bend drilled its first well in 1972 and now has nine wells,
ranging in depth from 400 to 1000 feet, and existing rights to 88 acre-feet of groundwater
rights. It has pending applications with the state to secure another 47.7 acre-feet/day
(City of Bend, 2003).

III. WATER RESOURCES: LAWS AND REGULATIONS
A. PRIOR APPROPRIATION STATE
Oregon became a "prior appropriation" state in 1909 when the state's first unified
water code was passed fifty years after its admission to statehood. "All water within the
state from all sources of water supply belongs to the public." 1 Water resources are a
publicly owned commodity and the state can grant individuals rights to use this water,
however, the water remains the property of the state. The 1909 law recognizes surface
water uses established prior to 1909 (pending a formal quantification in a state
adjudication process). The state's pre-1909 water rights in the 70 percent of Oregon's 20

1 O.R.S.
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major basins that are adjudicated are now formalized with standard water right
certificates.
Water use is only allowed for "beneficial purpose without waste." Water rights
are issued to serve a specific acreage, with a specific amount of water, from a specific
diversion point on a river. The water right is assigned a "priority date" indicating when
the right was first used or applied for. The oldest water rights on a river can claim their
water first during times of shortage. In Oregon, if rights in conflict have the same
priority date, the law gives domestic use and livestock watering preference over all other
uses. However, if a drought is declared, preference is given to domestic use and stock
watering regardless of priority dates of users. If a water right is not used for five years it
is subject to forfeiture (leasing of the right is allowed to count as use for that year).

B. WATER CODE ADMINISTRATION
Oregon grants water rights according to the criteria established in state statutes
that define Oregon's water code. The water code is not a part of Oregon's state
constitution; therefore the state legislature is free to make changes by a simple majority
vote (without the need for voter approvals otherwise required in states where the water
rights are established by the state constitution). The Oregon Water Resources
Department (WRD) under the Direction of the Oregon Water Resources Commission
(WRC) administers the code. The seven members of the WRC are appointed by the
Governor and are from one of seven established geographic areas. The purpose of the
Commission is to establish policies for the operation of the WRD consistent with Oregon
statutes. Its members serve on a volunteer basis.
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The Governor also appoints the Director of the WRD. Oregon law requires only
that the WRD Director or their principal assistant be a licensed engineer. Therefore the
Governor is not constrained by the need for a licensed engineer to head this agency, as is
the case for many other western states with State Engineer Offices responsible for water
resource administration. Recent directors of the WRD have had legal and public agency
backgrounds. The WRC and the WRD work closely with the state legislature iil
legislative sessions to promote fixes and course corrections in existing statutes to carry
out the state's water resource policies. The WRC and WRD also respond to the
numerous legislative proposals relating to water resources introduced in Oregon's
legislative sessions every other year.
The mission of the WRD is to manage Oregon's water resources to ensure a
sufficient supply to sustain a growing economy, quality oflife and the state's heritage of
natural resources. The WRD is the agency that issues surface water and groundwater
rights. It is responsible for protecting established water rights, and ensuring there are
adequate flow levels in waterways to support fish, wildlife, water quality and recreation.
The agency coordinates area-wide water planning and water conservation efforts and
monitors water levels at gaging stations, maps and studies aquifers, and helps design
long-term water plans for Oregon's river basins (Oregon Water Resources Department,
2003).
C. WATER TRANSFERS
In Oregon, permanent "transfers" of water rights may be applied for through the
WRD for a permanent change-in-use, place-of-use, or point-of-diversion. Applicants for
permanent transfers can wait anywhere from one to fifteen years to obtain the permanent
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transfer order. This delay increases applicants' interest in forming an irrigation district in
order to take advantage of expedited transfer procedures mandated by statute for
irrigation districts (Schroeder Law Offices, P.C., 1999). A temporary transfer is only
available for change-in-use applications. Transfers are only approved if the WRD finds
that the proposed change can be effected without injury to existing water rights. There
are a few uses of groundwater that do not require a formal water rights including
watering of non-commercial gardens of less than one-half acre in area, domestic use of
less than 15,000 gal/day and industrial use of less than 5,000 gal/day.

D. RIVER FLOW STATUTES
1. Instream Water Rights Act: Since 1987 the Oregon legislature has recognized

the transfer of water rights to instream flow uses under ORS 537.160. These rights are
held in trust by the WRD to maintain water instream for public use. Water rights may be
permanently or temporarily transferred into an instream flow right, and instream flow
rights do not require a diversion or other physical means of control over the water.
Instream rights have equal standing to all other water rights and must be protected from
injury in the face of transfer applications and groundwater pumping permit applications.
2. Oregon Scenic Watenvay Act: This statute, ORS 390.805 - 390.925, declares
"that the highest and best uses of the waters within [designated] scenic waterways are
recreation, fish and wildlife uses. The free-flowing character of these waters shall be
maintained in quantities necessary for recreation, fish and wildlife uses." No permit in or
above a scenic waterway may be issued that will measurably reduce surface water flows
within the scenic waterway in excess of one percent of the daily average flow or one
cubic foot per second, whichever is less.

7/3/2003

22

3. Conserved Water Statute: Oregon's conserved water statute, ORS 537.455500, promotes the efficient utilization of water by methods such as upgrading irrigation
equipment, and the lining or piping of irrigation canals. The statute allows the original
water right holder to receive up to 75% of the conserved water back for their own use.
The conserved water can be used on additional lands, leased, sold or dedicated to
instream use. The State retains 25% of the conserved water for instream use. The
priority date of the conserved and instream rights may be identical or one minute junior
to the original certificate and each will have the same priority date.

E. AUTHORITY OF WATER RESOURCES COMMISSION
During the last fifty years, because new water users increasingly turned to
groundwater to meet their supply needs, Oregon's legislature developed a general
statutory policy with respect to groundwater management. These policies seek to
maintain groundwater resources as stable and renewable water resources, while at the
same time conserving maximum supplies for new beneficial uses. The Water Resources
Commission (Commission) has the statutory authority to implement management tools to
address surface and groundwater problems in specific areas of the state. The
Commission is authorized to exercise the following powers as it finds necessary to
protect limited groundwater and surface water resources and address conflicts between
users (Norris, 2001).

Withdraw Unappropriated Waters from Further Appropriation: The
Commission may withdraw any unappropriated waters from further development for any
or all uses. Such a withdrawal does not affect existing rights. It does not correct a supply
problem, but it can serve to stabilize a situation until other solutions are implemented.
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Limit Specific Uses of Water Resources: The Commission may classify
specific uses toward which unallocated water resources may be directed to in the future.
The classifications can be broad or specific and can reserve waters for future municipal
use.

Serious Water Management Problem Area Designation: Requires the
installation of measuring devices and submission of an annual report by water users.

Regulation for Substantial or Undue Interference: If interference between wells
impacts a senior appropriator's ability to satisfy their right, the Commission may order the
discontinuance of the use of the interfering well or impose conditions upon its use.

Critical Groundwater Area Designation: This designation allows the WRD to
cut back on existing and future use of groundwater within the designated area. This
designation is used to address excessive groundwater level declines, an area-wide pattern
of interference between wells, a pattern of interference with geothermal production, a
pattern of interference with surface water rights or a surface water source, overdraft,
groundwater quality deterioration, and groundwater temperature alteration.
A Critical Groundwater Area (CGWA) designation requires the WRD develop
and implement rules, manage contested cases and manage uses in the affected area. To
date the Commission has established six CGWAs in six aquifers including the
designation of the Upper and Middle Deschutes Sub-basins on July 19, 1995.
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IV. PLAYERS
A. STATE AGENCIES
There are two state agencies whose primary focus is water resources: the Oregon
Watershed Enhancement Board (OWEB) and the Water Resources Department. Other
agencies with secondary roles are the Department of Environmental Quality, the
Department of Fish & Wildlife, the Department of Forestry, the Division of State Lands,
the Department of Agriculture, and the Oregon State University Extension Service.
Oregon Watershed Enhancement Board: OWEB's mission is to fund voluntary
restoration and conservation actions which enhance Oregon's watersheds. The agency was
created in response to a 1988 statewide ballot measure requiring 7.5 percent of the state
lottery funds be used for restoration and protection of Oregon's native salmon runs,
watersheds, and fish and wildlife habitat. From June 2001 to December 2002 OWEB
invested $800,000 in Deschutes County to support training workshops and community
events, tree plantings, weed control, replacement of open diversion channels to buried pipe
and establishment of a water exchange. OWEB also granted funds to the Confederated
Tribes of the Warm Springs Reservation for a Basin-wide juniper removal project to
mitigate fire hazard and allow for better groundwater infiltration (Oregon Watershed
Enhancement Board, 2003).

B. CONFEDERATED TRIBES OF THE WARM SPRINGS RESERVATION
The Confederated Tribes of the Warm Springs Reservation (Tribe) plays a large
role in the watershed restoration, and fisheries management and restoration in the Basin.
The Tribe has exclusive use of their reservation lands, including the riparian lands of the
Deschutes River where it borders the reservation. The Tribe has off-reservation rights to
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its usual and accustomed fishing grounds and stations in the Deschutes and Columbia
River Basins. The Tribe is the second largest landowner in the Deschutes Basin after the
federal government. Among other endeavors, the Tribe operates a timber mill and a
resort/casino and is very involved in efforts to maintain harvestable populations of fish
and wildlife for tribal members. In 2002 the Tribe purchased a one-third ownership
interest in the Pelton/Round Butte hydroelectric projects on the Deschutes River for $25
million, and now operates the same dam that has blocked anadromous fish passage since
its construction in 1964.
The Tribe's Natural Resource Management Service plans and executes programs
to use, protect and enhance the natural resources on the reservation as sustainable assets.
The Service partners with state, federal and non-profit groups to monitor fish populations
and migration patterns, restore fish habitat and plant fisheries, improve water
developments and reintroduce Big Horn Sheep on the reservation.
Tribal Water Rights: The Tribe's water rights are close to the final adjudication

stage. Water rights for the Tribe are reserved by the Treaty of June 25, 1855 with the
United States in an amount sufficient to fulfill the purposes for which the reservation was
created. In 1997, the Tribe, the United States and the State of Oregon signed an
agreement quantifying these water rights. This agreement provides that the Tribe has the
earliest dated water right in the Basin and it establishes that water rights with a priority
date earlier than January 15, 1991 will not be subject to a call by the Tribe. The parties to
the agreement are now in the final phase of the process necessary to turn the agreement
into an official decree (Oregon Water Resources Department, 2002).
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C. FEDERAL GOVERNMENT
Federal agencies have a significant presence in the Basin. The U.S. Forest
Service actively manages the Deschutes and Ochoco National Forests and the Crooked
River Grasslands for maintenance and restoration of water quality, forest and grasslands
health, recreational experiences and managing biomass to reduce risk of catastrophic
fires. The U.S. Fish and Wildlife Service (FWS) consults on possible impacts to
threatened and endangered species for proposed federal actions in the Basin, including
dam relicensings.
The U.S. Bureau of Reclamation (BOR) maintains and operates five water
reservoirs and is periodically involved with lateral and drainage systems upgrades. The
USGS has been evaluating and reporting on the groundwater hydrology of the Basin
since 1993.

D. NON-PROFITS
1. EnvironmentaVConservation Groups: There is a large contingent of active
watershed councils, environmental, and resource conservation organizations concerned
with streamflow issues in the Basin including the: Deschutes Basin Land Trust; Deschutes
Resources Conservancy (DRC); Friends of the Metolius; Oregon Association of
Conservation Districts; Oregon Trout; Oregon Water Trust (OWT); Crooked River, Trout
Creek, Upper Deschutes and the Willow Creek Watershed Councils; and WaterWatch of
Oregon (WaterWatch). Three of these groups directly focus on river and streamflows in
the Basin: the OWT, DRC and WaterWatch.

OWT: OWT's sole focus is the acquisition of water rights and dedication of those
rights to instream flow use. It targets basins and rivers in Oregon and focuses on adding
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water rights to those reaches that provide the most critical salmonid spawning and rearing
habitat. In the Deschutes Basin, OWT's priority streams are Trout Creek, Buck Hollow
Creek and Tygh/Badger Creek in the eastern side ofthe Lower Deschutes and Squaw
Creek in the Upper Deschutes Basin (Oregon Water Trust, 2003).
DRC: The DRC's sole mission is to restore streamflows and improve water quality

in the Deschutes Basin. It was established in 1996 as an outgrowth of a 1992 alliance
between the Tribe and Environmental Defense Fund (a nonprofit environmental group)
which made the case for a community based institution to carry out Basin-wide ecosystem
restoration based on a belief that economic progress and natural resource conservation are
complementary goals. The DRC' s nineteen-member board of directors includes state,
federal, tribal, agricultural, recreational, business and environmental representatives. The
DRC receives funds from federal appropriations, grants and donations. Congress
reauthorized federal appropriations for the DRC from 2002-2006 at $2 million per year
requiring a 50150 cost share between the DRC and the federal government for projects.
DRC projects include partnerships with irrigators to install water meters, line and pipe
canals, add fences in riparian areas, and lease unused irrigation water for instream flow
purposes. The DRC also established the Deschutes Water Exchange to promote and
facilitate transactions and was the driving force behind the 2002 "State of the Deschutes"
conference that brought 160 stakeholders together for presentations and strategy sessions
(Deschutes Resources Conservancy, 2003).
WaterWatch: WaterWatch is a river conservation organization dedicated to

restoring and protecting flows in Oregon's rivers and only incidentally works on water
quality issues. It works actively in the courts and state and federal agencies. In the
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· Deschutes Basin, it closely monitors water right transfer applications for streamflow
impacts, the development of groundwater withdrawal rules and the application review for a
license renewal for the Pelton/Round Butte hydroelectric complex (WaterWatch, 2003).

2. Water User Groups
Oregon Water Resources Congress (OWRC): The OWRC is a non-profit
organization devoted to protecting the interests of water right users across the state. It
began in 1912 as an organization representing the needs of irrigation districts and has since
broadened to also represent water supply districts, water control, port, drainage and water
improvement districts; corporations; cities and counties; individual water users; and
agribusiness and industry associates across the state. It sponsors state legislation, provides
lobbying services during legislative sessions and represents its members with technical and
legal support during agency rulemaking and hearings (Oregon Water Resources Congress,
2003).

Deschutes Basin Alliance: This is a quasi-governmental alliance of the seven major
irrigation districts in the Upper and Middle Basins formed to address water policy and
management issues which may affect irrigation interests and to pool resources for
conservation projects, educational materials, technical training and to share operational data.

Deschutes Basin Board of Control: This is a private alliance of the seven major
irrigation districts joined together to address the proposal by the FWS to designate portions
of the Upper and Middle Deschutes Basins as critical habitat for the eventual recovery of
the threatened bull trout. The Board hired a law firm, biologist and an economist in the fall
of 2002 to represent the Board's opposition to the proposed designation to the FWS.
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E. AGRICULTURAL INTERESTS
Irrigated agriculture is the largest water user in the Deschutes Basin. There are
eight large irrigation districts in the Deschutes Basin and many private irrigators with
individual water rights (See Table 2). Irrigation water is supplied either by private water
projects, federal reclamation projects or pumped groundwater. Irrigation districts (IDs) in
the Upper Basin irrigate over 150,000 acres and almost 84 percent of the water is supplied
from Bureau of Reclamation projects. Most of the water is delivered via open, unlined
canals and transport losses due to evaporation and seepage typically account for 30% - 50%
of the consumptive use of the water deliveries (Moore et aI., 1995). The IDs are working
with the Oregon Department ofFish and Wildlife, U.S. Fish and Wildlife Service, and
conservation groups on multiple projects to improve fish passage along streams and install
improved fish screens at diversions.
TABLE 2: Major Irrigation Districts

Irrigation
Irrigated Acreage
District
Arnold
4,350
Central Orego
45,016
Lone Pine
2,370
North Unit
58,990
Ochoco
20,145
Squaw Creek
6,500
Swalley
4,587
8,109
Tumalo
Total
150,067

Deschutes Sub-basin
Upper
Upper
Middle
Lower
Middle
Middle
Upper
Upper

Swalley Irrigation District: The Swalley ID is the oldest irrigation district, circa

1899, in the Basin and its water rights are based on natural flow rights from the river and
not stored water. The Swalley and Squaw Creek IDs are two districts that do not receive
any reservoir waters. A significant portion of the Swalley ID is now within the city limits
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of Bend after a 1998 annexation. The Swalley ID anticipates that 1800 acres ofland in the
ID will convert from irrigation district water rights to city water service in the near future.
Increasing urbanization will likely cause this irrigation district to lose its traditional
customer base resulting in increased administrative costs for the remaining customers. The
increased development pressures are also driving an interest by other residential and
commercial users in converting its open channels to piped and pressurized water supplies.
Swalley's previous Board of Directors anticipated it would not be able to
financially sustain itself in the future without shifting away from its traditional role as a
supply driven agricultural delivery system (Swalley Irrigation District, 2000).
Consequently, the Swalley ID and the City of Bend were investigating options whereby the
City of Bend finances the conversion of Swalley's open delivery canals to underground
piping to eliminate the water losses to canal seepage. The city expected to receive a
portion of the water saved to seepage for municipal water supply under Oregon's
Conservation Statute and Swalley would be able to minimize its maintenance costs and
capitalize on the increasing urbanization of the area to become a multi-use water supplier.
(See Section VI.C.2 infra for an update on this partnership.)
F. CORPORATE WATERILANDIPOWERMANAGERS
Portland General Electric (PGE): PGE operates the Pelton/Round Butte

Hydroelectric Project on the Deschutes River in conjunction with the Tribe. PGE is
responsible for the project reservoirs on the river and for the flows and water quality in
the Lower Deschutes River. PGE is responsible to improve fish passage of anadromous
fish around the Pelton/Round Butte Project. The amount of water flowing to and through
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the Project drives the sustainability of the Lower Deschutes fisheries, recreational
opportunities along the Wild and Scenic portion of the river and hydroelectric production.
Northwest Power Planning Council (Council) & Bonneville Power
Administration (BP A): The Council is authorized by Congress to develop a regional
plan in the Northwest to assure economical and reliable power supplies generated from
the dams operated by the BPA. The BPA markets the power generated at 31 federal
dams and one nonfederal nuclear plant at Hanford, W A. The BPA is responsible for
protecting and rebuilding species listed under the Endangered Species Act. Fish and
wildlife restoration projects are identified by the Council, are reviewed by an independent
scientific review panel, and funded by the BP A restoration funds (Northwest Power
Planning Council, 2003).

v.

PROBLEM RESTATEMENT
The water resource challenges in this Basin are enormous. Not only have the

resources of the Basin been used to the limit by the human population, but there are also
tribal, federal and environmental groups committed to restoring historic fisheries in the
Basin, and the human population is growing faster here than anywhere else in Oregon.
The science that is driving the state to limit groundwater withdrawals is provided
by the USGS, WRD and consultant studies showing that groundwater withdrawals in the
Basin affect surface water flows in the Deschutes River. The laws that drives the state to
limit groundwater withdrawals are 1) the Scenic Waterways Act, which prohibits the
issuance of any new rights that "measurably" reduce surface water flows in the Lower
Deschutes River, and 2) the requirement to protect instream water rights on the Middle
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and Lower Deschutes, which have priority dates, and are held in trust by the state against
junior or newly issued water rights.
The federal government's efforts to protect fisheries and their historical critical
habitat in this Basin is driven by the Endangered Species Act, and BP A and PGE's
responsibilities are highlighted by state and federal reviews involved with the relicensing
application review for the Pelton/Round Butte hydroelectric facilities necessary to
operate past 2004. The Tribe is driven to ensure the natural ecosystems on the
Reservation and that its traditional hunting and fishing grounds are managed sustainably
to protect its culture. And now it has a vested financial interest in the operation of the
Pelton/Round Butte Project.
The natural ecosystems can only be stretched so far to satisfy all parties without a
change in ecosystem function or user demands. Without agricultural withdrawals and the
water held back in reservoirs, the natural Deschutes River flows would be relatively
stable year round due to the large component of groundwater recharge, storage and
discharge in the volcanic soil layer (Newton Consultants Inc, 2001). However, the
agricultural storage reservoirs in the Upper Deschutes Basin capture the winter surface
water flows resulting in low winter flows in the river in the Upper Basin above Bend.
When the stored water is released to deliver to irrigators from April to October, there are
high flows in the rivers upstream of Bend. However, almost the entire flow of the
Deschutes River is diverted just upstream of Bend for irrigation and stock diversions.
The extreme low flows of the river between Bend and the confluence ofthe Deschutes
with the Metolius and Crooked Rivers at Lake Billy Chinook threaten the health ofthe
riparian and aquatic ecosystems in this reach. Groundwater discharges are responsible
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for a dramatic increase in streamflows of all three rivers just upstream of Lake Billy
Chinook. Downstream of Lake Billy Chinook and the hydropower facilities is the Lower
Deschutes River whose flow levels are protected by state law.
Newton Water Flow Model: The scenario described above is graphically illustrated

using a snapshot in time modeling the surface water and groundwater flows model of the
entire Basin developed by Newton Consultants Inc. depicting Deschutes River and
tributary flows from headwaters to the Columbia River confluence in a typical July
scenario (See Figure 7). The graphical model shows clearly that but for irrigation
diversions, there would be comparably huge water flows within the stretch of the Middle
Deschutes River. The impacts from groundwater recharge and groundwater withdrawals
are more difficult to represent; however, USGS studies (Gannett et al., 2001) show that
groundwater discharges from the lands that drain the Middle Deschutes Sub-basin playa
significant role in river flow levels. These discharges are also depicted on the Newton
flow model.
Where will the water come from to meet the priority needs of this Basin? How will
stakeholders establish what the priority needs are? How will solutions be implemented?
What will it cost? Who will pay? These are some of the pressing questions for every
person in the Basin because the availability of water resources drives this economy and
ecosystem as it does every economy and ecosystem. However, this Basin is at a turning
point as stakeholders consider now how to have continued economic growth when
existing water resource supplies are already being fully utilized.
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VI. WATER RESOURCE MANAGEMENT STRATEGIES
New approaches to water resource management in the Deschutes Basin will likely
take the pathways of legislation, reallocation, conservation and litigation. No one
pathway will be enough to reach the twin goals of ecosystem protection and continued
economic growth in this Basin. Arguably not every stakeholder is committed to either
economic growth or ecosystem protection; there are those who would rather maintain the
status quo. However, such an expectation is unrealistic given the fact that the area is
growing and many stakeholders in the community are actively pursuing new solutions
and not accepting the status quo. Therefore, change in this Basin is inevitable. Land
values are increasing, urbanization is spreading, irrigation districts face more legal and
maintenance costs, the spotlight on water resource management is getting brighter and
water right users are in the forefront.
Four immediate strategies will be discussed here: A) requiring mitigation for
groundwater pumping permits issued post-1995; B) reallocation of water rights; C)
conservation; and D) a regional commitment to utilize collaborative and consensus
building processes to derive new solutions. The first three approaches will result in a
measurable difference in the way water resources are used, the fourth approach is the
foundation of the first three strategies and the source of future strategies that will
minimize the need for court ordered solutions.

A. MITIGATION OF FUTURE GROUNDWATER PUMPING
Groundwater is the preferred source of water for growing municipalities in this
Basin. It is less costly to treat for municipal use and the supply is more reliable.
However, once the WRC declared most of the Upper and Middle Deschutes Sub-basins
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Critical Groundwater Management Areas, applications for groundwater pumping permits
fell under much tougher scrutiny. The CGWA designation led the WRD initially to
require that groundwater permits issued after 7/19/95 be conditioned with the
requirement that the exercise ofthese water rights not impact scenic flows in the Lower
Deschutes (See Figure 8). WRD granted 195 groundwater permits with these conditions
since 7/19/95 (Odell, 2002). There were 63 pending applications for 173 cfs of water at
the time of mitigation rules were adopted in 2002 (Lerten, 2002b).
The development of the current groundwater mitigation rules is discussed in depth
below to illustrate two points, first that the diverse interests in the Basin were willing to
work together to craft a Basin-wide approach to mitigate for the effects of future
groundwater pumping, and second, that the WRD choose in the end not to require any
groundwater mitigation from the holders of conditioned groundwater rights until a
measurable reduction of scenic flows is documented.

Timeline of Groundwater Mitigation Rules
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1993

USGS, Tribe & WRD begins a cooperative study of groundwater in
Upper and Middle Deschutes Basins

7/1995

Deschutes Basin declared a Critical Groundwater Management Area

1998

USGS preliminarily confirms groundwater withdrawals in Upper
and Middle Sub-basins are hydraulically connected to surface flows in
Lower Sub-basin

6/1999

First meeting of Deschutes Steering Committee

5/2001

Final USGS groundwater report published (Gannett et aI., 2001)

4/2002

First draft of groundwater mitigation rules out for public comment

9/2002

WRC adopts new version groundwater mitigation rules

11/2002

Legal challenge to rules filed

2/2003

DWE files application to charter a bank for groundwater mitigation
credits
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Deschutes Basin Steering Committee: In 1999 this multi-interest stakeholder
Committee formed to assist the WRD in developing a management plan to allow
mitigation for conditioned groundwater permits, and allow future groundwater permits in
a manner consistent with protection of senior water rights and scenic waterway flows in
the Lower Basin. The Steering Committee constituted itself with the following interests
and distributions: irrigation district parties (l); local government parties (3); municipal
water provider parties (1); tribal parties (1); private water provider and development
interests parties (2); public interest parties with interests in instream flow, fishery, fish
and wildlife, recreational, and environmental issues (3); state agency parties (3);
watershed council parties (l); at-large interests (l); non-participant federal agency
interests. The Committee met 19 times over 2

~

years. They initially worked toward

creating an integrated Basin-wide plan for the management of water resources; however
this scope proved too large. The task of evaluating options that would compensate for
groundwater pumping effects proved complicated and controversial enough to take the
Committee's whole attention. While the discussions proved productive in many areas, in
the end in many areas no consensus was reached on how to proceed.
First Draft of Rules: The WRD issued its initial proposed rules in September
2001 proposing to cap future groundwater appropriations at a cumulative total of 200 cfs
over the next five years in order evaluate effects of pumping to streamflows in the Lower
Basin. The draft rules directed conditioned permit holders to mitigate their groundwater
pumping in order to avoid future regulation of the use. The mitigation proposed for
conditioned permits was at a ratio of one mitigation credit per acre-foot of consumptive
use based on 30 % of their consumptive use. Mitigation credits represent one acre-foot of
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water dedicated instream through a mitigation project. They could be purchased from an
off-site mitigation project or created by implementing a mitigation project at or above the
point of impact. However, if the permit was for agricultural use, or an appropriation of 2
cfs or less, then the permit holder could alternatively make a payment of $250/afbased
on 30% of the consumptive use. New permits issued after the rules were adopted would
have to mitigate on a one-to-one ratio for consumptive uses.
The proposed rules created a two-tier level of mitigation requirements that
favored the holders of the conditioned water rights, and created a back-door buyout
option for agricultural users not available to others. Committee members and members
of the public expressed serious upset with the initial draft rules. There were fundamental
differences over when and where mitigation credits should be applied. For example,
mitigation credits granted for lining a delivery canal to reduce a consumptive use might
benefit the main stem of the Middle Deschutes at the expense of the Crooked River,
which would otherwise benefit from the canal seepage.
Final Rules: A significantly revised proposal of the rules was adopted by the

Commission in September 2002. The final rules retained the 200 cfs cap and simplified
the mitigation options. Conditioned permit holders are now subject to regulation or
mitigation after there is a measurable reduction of scenic flows on a one-to-one basis for
consumptive use. New permit applicants, post-rule adoption, must provide mitigation on
a one-to-one consumptive use basis prior to receiving a permit. Mitigation can only be
required for groundwater wells located within the USGS study area. All groundwater
right holders have the opportunity to demonstrate that their well operation does not
impact the flows in the Lower Deschutes to avoid mitigation responsibilities. No

71312003

40

provisions are made for location of mitigation projects or timing of mitigation required
by conditioned permit holders.
The rules allow mitigation credits to be generated by:
1) Allocation of conserved water to instream flow where conservation occurs by
improving the method for diverting, transporting, applying or recovering water;
2) Permanent transfer of an existing water right to instream flow use;
3) Artificial groundwater recharge of the groundwater reservoir;
4) Stored water releases in an existing reservoir for instream flow use;
5) Instream leases (mitigation banks only).
The rules allow for the establishment of mitigation banks to facilitate transactions among
holders of mitigation credits and persons interested in acquiring mitigation credits rather
than having WRD keep track of the credits the agency awards and apply. The DWE
applied to become the first state chartered mitigation bank in February 2003.
Legal Challenge: WaterWatch responded to the rule adoption by filing a legal

challenge to the rules in November 2002 for 1) failure to provide a sound standard for
review of mitigation projects; 2) failure to call for full mitigation for holders of water
rights issued since 1995; 3) failure to ensure that mitigation occurs where the impact
occurs; and 4) allowing previously issued instream water rights from conservation
projects to be claimed as mitigation; and 5) allowing paper water to qualify for
mitigation. The suit is pending.

B. REALLOCATION OF WATER RIGHTS
Municipal growth requires new supplies of water in the current paradigm. Even if
the current form of the groundwater regulations withstands the pending legal challenge,
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future groundwater pumping will be required to mitigate in some fashion to prevent
interference with surface water rights. So after the mitigatable groundwater pumping
permits are tapped out at the maximum mandate set at 200 cfs by the new regulations,
then what? Where will new water supplies come from? The only answer possible is that
existing water rights will be traded, sold or leased between willing buyers and sellers.
1. Water Trading: Water trading is the "exchange" or "transfer" of a water
right. Strategic applications of water exchanges, transfers and reclaimed water trades can
maximize the potential for efficient use of surface water and groundwater resources.
Oregon authorizes "water exchanges" between users when one source of water is traded
for another in equal or reduced amounts if pre-existing users are supplied replacement
water. There are exceptions to these criteria if the exchange would result in better
conservation, or if waters are for an instream purpose. 2 A "transfer" is defined by the
State as a change in the place of use, point of appropriation, point of diversion or type of
use of a water right. Transfers are allowed in Oregon only if the proposed change does
not injure existing water right users.3 Anyone is allowed to trade an existing surface
water right to an irrigator for a groundwater right. Municipalities are allowed one further
trading opportunity by way of Oregon's 1991 Reclaimed Water statute. This statute
allows municipalities to use waters that have already been used once for a municipal
purpose to subsequently be put to another use, or "reclaimed" without needing a new
water right if certain water quality criteria are met. This allows municipalities to trade
their reclaimed waters, for example, to irrigators or golf course operator in exchange for
the use of their surface or groundwater rights.

2
3

O.R.S. 540.533-543 (2001).
O.R.S. 540.505-580 (2001).

7/312003

42

2. Water Markets: A water market is a private exchange forum that facilitates
the efficient reallocation of water rights between willing buyers and sellers. It is a forum
where water is treated as a commodity. Water markets are most likely to emerge when
there is a shortage of water supply brought on by increased demands for water or drought.
In theory markets function smoothly and equitably when there are many buyers and
sellers, when complete information is equally and readily available, and there are zero
transactional costs. In the West there are only a handful of individuals and companies
acting essentially as water brokers between buyers and sellers for the limited number of
water rights available for sale (Lee, 1999).
The few nascent water markets on the horizon in the West face the realities of
unwilling sellers, no access to a centralized source of complete information about the
prices and availability of water rights for sale, and high transactional costs. The number
of sellers is small compared with the vast acreage ofthe West. Because western water
rights were predominantly distributed in the West under the Prior Appropriation
Doctrine, the ownership of these rights is not evenly divided across the land. And
because an average of 80 % of the water rights in the West are used by agriculture, in
many regions there is a reluctance to diminish the culture of agriculture in a region by
severing the water right from the land for alternate uses. And finally, because many
basins with pre-statehood water appropriations have not been finally adjudicated by a
court, the prospects for sales of unadjudicated rights are even more remote.
Currently the transactional costs of buying and selling water rights are significant.
Physical barriers to transactions often include the lack of a ready transport infrastructure
and the expense of pumping water uphill. Legal and regulatory barriers to transferring
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water rights take the form of state agency administrative requirements to be able to
transfer, lease or sell the rights. In Oregon, "a particularly difficult regulatory barrier is
the fact that water rights can only be transferred within specific sub-basins. Transfers can
only be made to instream flows from existing water rights using the same water source in
the same stream reach. This restriction limits the market to the sub-basin, inherently
limiting the volume oftransactions and thus the income potential for the marketer. In
addition, the market is very seasonal with transfers occurring primarily in conjunction
with the irrigation season" (Deschutes Resources Conservancy, 2001).
State water agencies require the identification and mitigation of impacts due to
water right sale or transfer to other water right holders, aquatic habitats, instream and
scenic flows. And another layer of criteria must be addressed when the water right owner
is part of, or is, an agricultural irrigation district.

3. Water Markets In The Deschutes Basin: In Oregon, water may be traded
between agricultural users, and from agricultural users to instream flows or to municipal
users. Fortunately for an emerging water market, water rights in the Deschutes Basin are
a known quantity. The surface water rights are fully appropriated, the groundwater
pumping permits have been limited by the state, and the tribal water rights in the Basin
are in their final stages of adjudication. So any market that emerges will be able to
conclusively state what legal rights a water right conveys. So all that is left to get a water
market started is a reputable forum for exchange and that is the specific mission of the
newly formed Deschutes Water Exchange.

Deschutes Water Exchange: The Deschutes Resources Conservancy established
the Deschutes Water Exchange (DWE) in 2001 explicitly to create a market for water
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rights in the Basin in order to facilitate water right transfers, efficient water use, and to
increase the potential for streamflow restoration. It was born in part out of the
discussions amongst stakeholders on the Deschutes Basin Steering Committee seeking
mechanisms to simplify the transfer of water rights between willing sellers, buyers,
lessors and lessees in order to allow for the reallocation of water rights. The DWE is a
wholly owned for-profit subsidiary of its non-profit parent. Any net revenues will go to
the DRC for streamflow restoration.
The DWE currently offers water right services, leasing services and groundwater
mitigation credit banking within the Basin. Its water right services include brokerage,
administration of agency paperwork, research, and evaluation of client options on a feefor-service basis, unless the project is a conservation project, and then there is no charge
for services. Examples of conservation projects include the transfer of a surface water
right to a groundwater right to enhance streamflows and the dedication of existing rights
to instream flow purposes.
In large part, the DWE's ultimate success in creating a water market in the
Deschutes Basin depends on its ability to minimize transaction costs to the buyers and
sellers, create a reliable source of information about market prices, and find a ready
supply of water rights available for exchange. A comparable example of success in
another market is the Multiple Listing Service (MLS) offered by Realtors© for residential
properties. The MLS makes it easy for buyers to get a picture of what is available and
attracts most sellers to want to list their property with Realtors© to have access to the
MLS system.
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Annual Water Leasing Program: DWE is currently experimenting with
different methods of leasing water from irrigators for instream flow use in streams in
order to determine what is the most effective way to both stimulate a water market, and
put as much water back in the rivers given the DWE's funding limits with its Annual
Water Leasing Program (AWLP). This program pays to lease water from irrigators for
one season and dedicates this water to instream flow use. The DWE handles the
administrative details necessary for each party, including the respective irrigation district
and the water right holder, to formally lease the water for instream use under the
authority of the state Water Resources Department. By leasing their rights, landowners
can avoid the burden of irrigating their property solely to preserve their water right
without having to permanently sever the water rights from the land due to sale or
forfeiture. Leasing allows people to see how markets can work for them without obliging
them to make a permanent transaction.
Now that the A WLP has had the benefit of several years of market experience, the
program is adapting to the emerging market and using its understanding of the market
and the level of respect it has gained in the agricultural community to most effectively
lead the market's development. When the program began in 1996, leases were merely
accepted by donation. This typically happened when an irrigator was in jeopardy of
losing the rights after several years of non-use. By 2001, AL WP had a budget of $45,000
to spend on leased water rights for instream flows. That year the AL WP paid for the
rights based on the assessment cost that the water user had to pay the irrigation district for
water delivery causing a significant price variation per acre-foot of water. By 2002,
DWE decided to offer irrigators a set price of $7 per acre-foot to lease water instream.
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This meant water users were paid up to $39 per acre not to irrigate depending on the duty
of the water right associated with the land. The program secured an additional 12 cfs of
streamflow for the severely depleted Middle Deschutes River north of Bend bringing it
up to 42 cfs in the summer of2002.
For the 2003 irrigation season, the DWE developed a new iteration of the
program. This year the program was only offered to irrigators in one district, the Ochoco
ID to target streamflow restoration in that area. Ochoco irrigators interested in leasing
their rights participated in a reverse auction where the bidder submitted a lease price bid
for their water rights to the DWE. The auction closed in February 2002 ahead of the start
of the irrigation season in late March. Sellers could bid at a price that would cover their
costs and the buyer could review bids and spend its budget to achieve the maximum
streamflow restoration in the summer of2003. The DWE allocated $50,000 for the 2003
auction. Funding for the program comes from OWEB, the National Fish and Wildlife
Foundation and the Bend Foundation.
To date, the Deschutes Water Exchange is the only entity in the Basin, public,
private or non-profit, actively working to create a water market in the Basin. Because
transfers are limited to stay within the specific sub-basin, the market volume is likely too
thin to be attractive to private investors. The fact that the DRC is a well respected nonprofit run by board members representing every sector of interests, with a reputation of
successfully securing government financing, and that its mission of increasing
streamflows is in perfect alignment with trading/selling/leasing water rights, makes it the
right institution to grow the nascent water market in the Deschutes Basin.
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Storage Banks: The final area that water markets can playa role is the marketing
and sale of stored water, and the sale/lease of a storage rights in a storage facility. The
storage can take the form of a storage reservoir or through aquifer recharge. No entity is
currently offering these services in the Basin.

c.

CONSERVATION OF WATER SUPPLY
By design, water conservation efforts target the least efficient parts of a water

supply system. Projects to promote agricultural and municipal conservation of water are
the focus of this section.
1. Municipal Water Conservation: In the Deschutes Basin, water resource
issues are routinely headline news. Growth has historically been fueled by abundant
supplies of water and now a good segment of the Basin's economy relies on visitors
coming for skiing, boating, rafting and fishing. Every municipality is committed to
conserving its municipal water use, if only to delay having to plan for and buy new
supplies of water. Municipalities in the Basin conserve water by requiring high
efficiency plumbing fixtures for new construction, budgeting to replace wasteful
irrigation systems on public properties, and metering the water use of individual
municipal customers. The major use of municipal water is outside irrigation. Winter
consumption in Bend is about 5 million gallons of water per day. In the summer this
jumps to 20 to 25 million gallons per day (Aurand, 2002).
The city of Redmond converted its entire water system from a flat rate system to
meters over ten years ago. In response, even though population continued to rise, water
consumption flattened out (Aurand, 2002). In short, people used less water when their
bill charged them for their actual use. In May 1999, Bend made a deal with the state to
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secure approval of pending groundwater permit applications. The city committed to have
all its residences on water meters within five years; therefore Bend must have a meter on
every household by May 2004. Of the 16,450 residential accounts in the city, 3,950 are
still unmetered. Bend's average per capita use in 2001 was 278 gallons per day, and the
state average per capita use is 250 gallons (Feidler, 2002). All of Bend's 2,982
commercial accounts are already on meters.

2. Agricultural Water Conservation: Canal lining and conversions from flood
irrigation to sprinkler systems are the two best places to gain the most efficiency in the
use of agricultural water in this Basin. There are almost 720 miles of canals and laterals
diverting water from the Deschutes and Crooked Rivers to over 153,000 acres of irrigated
lands in the Basin. For the most part, these canals and laterals are essentially large,
unlined ditches that allow water to seep into the aquifer from the bottom of the canal.
There are estimates of water diversions lost to seepage as high as 50 % of water (Odell,
2002).
Converting from flood irrigation to sprinkler systems is a costly endeavor for
landowners. It is conceivable that at some point the value of the conserved water in the
market would be equivalent to the cost of installing the sprinkler system; however the
water market is not there yet. Instead, agencies and non-profits are stepping in by
focusing funds to install sprinkler systems on farm lands whose water supply is diverted
from historical fish pawning and rearing streams. In 2000, the Jefferson County Soil and
Water Conservation District in conjunction with the OWT, BPA and the DRC assisted a
private landowner's conversion to sprinkler systems on lands watered by Trout Creek.
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The project involved removing a push-up dam and eight miles of ditch, and resulted in
0.7 cfs of conserved water donated to instream flow.
Canal lining holds the immediate key to significant water conservation in the
Basin where irrigated agriculture uses over 90% of the water in the Basin. Arguably the
30% to 50 % lost to seepage is recharging the aquifer, which flows to the river and so the
debate about the benefits of canal lining rages. Certainly if less water is put in irrigation
canals, more water stays in the mainstem of the Middle Deschutes during irrigation
season and this serves to restore summer flows. Once again, state and federal agencies,
and environmental and conservation organizations are leveraging their funding to make
the capital investment in projects to pipe canals where the irrigators are willing to
dedicate the water conserved back to the stream.
The Tumalo Irrigation District is aggressively pursuing piping projects to increase
efficiency. The Tumalo ID began a four-year project in 1999 to eliminate a major flume
and pipe 2.5 miles of open canals; over a third of these channels will be replaced with 84inch pipe. The completed project will save an estimated 20 cfs and a prorated share of
almost 6 cfs is proposed to be returned to instream flow in Tumalo Creek.
Irrigation districts' motives for piping canals extend beyond conservation to
public safety concerns with the increasing urbanization of the Basin. Neighborhoods
have grown up around canals. Potential property loss due to flooding and lives lost to the
open ditches are a few of the concerns on the minds of irrigation district managers.
However, some residents along canals object to piping the canals that run along
easements in their back yards and formed the "Save Our Canals" organization in 2001
(Lundgren, 2001).

7/312003

50

Bend/Swalley ID Partnership: The City of Bend invested $500,000 in an
engineering study to assess the options for piping the first five miles of Swalley canals,
estimated to leak 10 to 13.3 cfs, or 1.16 billion gallons during the irrigation season
(Lundgren, 2001). The proposal was that Bend would pay all the eventual costs ofthe
piping and Swalley would receive the benefits of metering, in-line hydropower potential,
and reduced maintenance, safety and liability concerns. The key to the project was that
in return Bend would receive rights to up to 75% of the water saved by the project, via
Oregon's Conserved Water Statute. These rights could then be exchanged for the
mitigation credits necessary for WRD approval of Bend's pending applications to put in
new wells to supply the growing population.
However, the proposed project proved controversial (Lerten, 2001). Bend stopped
studying the piping project after the November 2002 election of two opponents to the
lining of Swalley's canals to Swalley's three-member board of directors. In the wake of
their election, the district's entire four-person staff resigned. One of the new board
members stated he doesn't want Swalley's water to be used for "Bend's failure to plan
for growth" (Cronin, 2002). This situation will take some time to resolve itself and is
illustrative of the difficulties with implementing changes in water resource management.

D. REGIONAL COMMITMENT TO SOLUTION
1. Land Use Planning and Collaborative Processes: In large part, efforts to
have water resources stakeholders in the Deschutes Basin sit down at the same table have
been successful for two subtle, yet critical reasons. First, Oregon's implementation of a
coordinated state-wide approach to land use planning since the 1970s has familiarized
Oregonians with collaborative decision-making processes for land use and community
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issues. Second, many Oregonians understand there are benefits to a collaborative based
decision-making process for issues involving natural resource after witnessing aptly
described "command and control" processes that didn't work in Oregon in the 1980s and
early 1990s. In order to appreciate the incentive these factors have created to bring
stakeholders with diverse interests to the table, the following background is helpful.
Oregon's economy was historically dependent on resource extraction industries.
The decline of the forest product industry in the 1970s and 1980s greatly contributed to
an economic recession in Oregon. Subsequently, there were bitter disputes between
public, private and environmental interests over the protection of endangered species on
forestlands. These disputes did little to advance consensus on how to proceed given the
spotted owl's protected status under the Endangered Species Act or recover the market
share of the forest products industry. The lesson many Oregonians grew to understand
personally is that there is no real winner when economic and environmental interests do
fierce battle.
Today the new norm for environmental decision-making processes used by
Oregon's local and state governments actively engages multiple stakeholders in
collaborative processes to advise agencies on the management of natural resources and
environmental quality (Lavigne, 2003). In large part, the collaborative approach is made
more palatable in Oregon because of the state's implementation of a statewide land-use
planning goals. The goals are achieved through local comprehensive planning. State law
requires each city and county to adopt a comprehensive plan and the zoning and landdivision ordinances needed to put the plan into effect (Oregon Department of Land
Conservation and Development, 2003). The local comprehensive plans must be
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consistent with the statewide planning goals and in many instances must designate urban
growth boundaries to meet the residential, industrial, commercial, and recreational needs
of each community for a 20 year planning horizon. The development of the community
plans requires frequent contact between local stakeholders on questions of how to
manage land use, economic interests and environmental protection.

2. Establishment of New Institutions: New institutions are a sign of adaptive
social management by a community of stakeholders to changing times. Several notable
organizations in the Basin have already been discussed in depth in this paper such as the
Deschutes Steering Committee and the Deschutes Resources Conservancy. In part this
commitment to create new institutions to resolve natural resource issues can be linked to
the fact that most new residents of the last 20 years came because they highly value the
dramatic natural splendors, easy access to numerous year-round outdoor recreational
opportunities and the lifestyle afforded by the rural flavor of the Basin. The commitment
to resolving water resource management issues in this Basin is reflected alone by the
sheer number of diverse stakeholder institutions actively and routinely engaged in
watershed planning and restoration, fishery restoration, maintenance of the agricultural
economy and open irrigation canals in the Basin. One further illustration by way of
example is the fact that 160 people carne to the State of the Deschutes conference held by
the Confederated Tribes of the Warm Springs Reservation in December of 2001.
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VII. SUMMARY AND CONCLUSIONS
Mitigation water for groundwater pumping, leased or transferred irrigation water
for instream use, and conserved municipal and agricultural waters left instream each will
find their way to the Deschutes River or the Crooked River within the Middle Deschutes
Basin and these same waters will then be delivered to Lake Billy Chinook for eventual
release to the Lower Deschutes River. While there is no doubt that the instream waters
will be delivered to the Middle Basin and serve to increase summer flows, there is still
some scientific and legal disputes over the rate, timing and discharge location of
groundwater to rivers in the Basin. However, the most important question is not the
mysteries of when and where. Instead the most important question is: what are the
chances of success for the water resource management strategies discussed here so that
the mysteries of when and where are determined by actual measurable flows in the rivers.

Groundwater Mitigation Requirements: The primary motivation behind the
WRD's mitigation program for groundwater pumping is to keep the state in compliance
with the Scenic Waterways Act that currently protects the Lower Deschutes from a
measurable reduction in flows. Without this designation, there would be no criteria to
evaluate how much pumping is too much in a Basin that has historically dewatered the
Middle Deschutes to a trickle from May to September for the last forty years. Without
the Scenic Waterway designation, there are only two potential obstacles to the continued
issuance of groundwater pumping permits: 1) claims that new wells would interfere with
existing wells; and 2) the designations of critical habitat for the bull trout in the Upper
and Middle Basins where river flow levels are a designated component of that habitat.
The outcome of the critical habitat designation is uncertain; however we can be certain
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that opponents will use all legal tactics available to delay any such designation.
Assuming that the irrigation districts and their attorneys, biologists and economists are
successful in dissuading FWS from declaring critical bull trout habitat in the Basin, it is
more than likely that more wells can be drilled in the Basin without interfering with
existing wells since this is not an issue to date that has created much concern among
water users. So the issue again rests on the protection of flow levels mandated by the
Scenic Waterways Act.
If the current groundwater mitigation rules withstand their legal challenge, the rules
allow the applicants who received conditioned pumping permits after 1995 and pre-rule
adoption in 2002 to use their water right without requiring any mitigation for that use.
That it, until and unless an actual finding is made that flows in the Lower Deschutes have
been measurably reduced by the use of that water right. Therefore, there is plenty of
room left to engage in lengthy scientific and legal disputes over an individual permit
holder's contribution to any reduced flows. In fact, House Bill 3220 is currently before
the

nnd

Oregon Legislative Assembly to eliminate the standard for measurable reduction

of one cfs for "authorized" uses in the scenic waterway unless WRD can establish,

"based on a preponderance of the evidence [a legal standard] that the use of
groundwater will measurably reduce the scenic flows in quantities necessary for
recreation, fish and wildlife. " This portends of future challenges to mitigation
requirements by the conditioned and post-rule adoption permittees on the basis that there
is not enough scientific evidence to conclusively prove the impacts of a particular well.
It would be simple to eliminate the current groundwater "crisis" by allowing some

reduction of flow in the Middle Deschutes, except that this river is also a federally
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designated Wild and Scenic River. So even if the state flow standard was reduced, there
still could be challenges made based on the federal standards. The WRD's strategy of
requiring mitigation for the remaining 200 cfs of groundwater pumping permits allowed
over the next five years will definitely create interest in a water market and a water bank.
Whether or not this amount of mitigation flow will be enough to create a real marketplace
for water in the Basin remains to be seen.
The previous years of study of the hydraulic connection between groundwater and
surface water, and the numerous stakeholder and agency meetings evaluating how to
mitigate for the future groundwater withdrawals have not yet amounted to a very
aggressive water resource management approach by WRD. Although mitigation is now
required for pending permits, there are too many other unanswered questions as to what
and when constitutes mitigation which have not yet been addressed in any detail.
Water Markets: Leasing programs offer the most potential for leaving former
irrigation water instream in the streams and rivers of the Upper and Middle Deschutes for
the short term. Water right holders unsure of whether the benefits of using their water for
agriculture outweighs their costs can lease their rights via DWE's Annual Water Leasing
Program or donate their right for a season to the Oregon Water Trust. Either avenue
counts as a beneficial use of the water right for forfeiture accounting purposes.
Especially during drought years, like this year of2003, when irrigation districts delivered
less water, the economic viability of agricultural operations will be closely examined.
The easier it is for irrigators to leave their water instream for a season, the more often it
will happen. To this end, DWE and OWT's offers of free assistance for temporary
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transfers of water to instream flows eliminates many of the transactional obstacles water
right holders would face otherwise.
The long-term prospect for a water market depends in large part on whether the
groundwater mitigation statute as currently configured is upheld. The requirement to
secure mitigation credits is the driving force reflecting the shortage of surface water and
groundwater rights in this Basin. If there is a continued need to secure groundwater
mitigation credits, and there are economically viable projects such as canal lining that
will qualify as credits, then there will be buyers and sellers of mitigation credits and a
water market will be born. If mitigation projects are not economically viable, and there
are continued municipal demands for more water supply, in a sense a quasi-market will
arise. This market would consist of a few municipal buyers and the water right sellers
who have marginally productive agricultural lands.

Conservation: The road to municipal conservation is paved by pricing strategies.
Metering is an essential component of any such strategy. Redmond has its meters in
place and Bend is on the way. In Bend's case, the city is evaluating options to generate
the mitigation credits necessary to allow it to put in new wells. Once the costs of
mitigating for the new wells are established, a pricing strategy can be put out to the
community that both encourages conservation and covers the cost of getting the new
water supply. The key to its effectiveness is that it serves to strongly encourage
conservation while not overly discouraging residential and industrial growth. Arguably
this is a question for economists; however in truth water pricing strategies are crafted out
of political and cultural balancing acts unique to every moment of a municipality's
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history. Continued population growth and demands on the water supply will determine
whether cities must up their pumping and diversions to meet the new demand.
The real source of new water supplies lies in the potential for agricultural
conservation, whether that is by canal lining, more efficient irrigation techniques or
taking land out of production. Each of these has its drawbacks, proponents and
opponents. However the reality is that agriculture uses the vast majority of water in the
Basin and if supplies are to be redistributed, agricultural water users must be front and
center in any such effort.

Regional Commitment to Solutions: Although the least measurable in terms of
cubic feet of flow, this commitment can be measured in part by the investment of time
and money committed by consultants, employees, attorneys, agency staff and technical
reports devoted to protecting and restoring flows in the Basin, and developing and
implementing strategies for more efficient use of the limited water resources. The
continued commitment this region demonstrates in addressing water supply and river
flow issues straight on will encourage more newcomers attracted to natural beauty of the
Basin, and new economic interests looking for assurances of water supply. In large part,
the success of the DRC, a community based, collaborative effort, to secure over one
million dollars of federal financing and leverage it into 4.5 million additional dollars over
a five year period devoted to streamflow and water quality improvements best illustrates
the depth and success so far of this region's commitment.

Strategies Wrap-up: The current strategies discussed here to address water supply
issues in the Basin can be summed up as either the conservation or commodification of
water resources. Conservation through efficient use and delivery is easy to envision
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although expensive to deliver. Commodification of the resource whether by sale or lease
has an uncertain future and is dependent at this point on federal and state funding to lease
water from agriculture to augment streamflows and/or a willingness on the part of
agriculture to sell the waters conserved through more efficient delivery methods to
municipalities. Agricultural interests have the ability to stall either of these prospects
through non-participation alone.
What is lacking now is strong direction from state officials as to what it means to
'conserve water', in the agricultural delivery and use ofthe resource. Now is the time to
start making inroads with the agricultural community that holds the rights to over 90% of
the water in the Basin. The next two strategies on the horizon should be 1) to establish
some minimal state standards for agricultural water conservation; and 2) to develop a
long-term strategic public education campaign highlighting the partnerships/projects in
the Basin to address water resource issues that are working and not working, and what
these mean for the community. While economics drives the need for water supplies,
regional culture and the historical use of the resource has much to say about how that
resource use will change or be valued. The majority of the residents must feel like
stakeholders on the issues in order to decide that a change is important enough to make
and education about the issues is the first place to start.
The best solutions to water resource management in the Deschutes Basin are a
moving target. They will be discovered over time during the iterative process of
stakeholders' adaptation to the moves of the other stakeholders, the outcomes of court
rulings on groundwater rules and critical habitat designations, new legislation and court
challenges, economic trends and population growth, and most importantly the response of
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the hydrologic and natural ecosystems to continued human extraction of surface and
groundwaters from the rivers and aquifers of the Basin. The best solutions lie hidden
within the abilities of the region's stakeholders to continue to develop and work together
on areas of consensus and to make reasonable compromises where there is no consensus
on how to proceed.
Stay tuned.
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Total Resource Lands Converted to Urban Lands - 1982 to 1997
Oregon by 6 Digit Hydrologic Unit Code (HUC) Area
National Resources Inventory (NRI) Results
Estimated for Non-Federal Lands Only
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